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Abstract 

The main possibilities of investigation of leptons and bosons birth in in- 
teraction of polarized photons are considered. The usage of 77 //[+7] 
reactions for the luminosity measurement on linear photon collider is ana- 
lyzed. The achievable precision of the luminosity measuring is considered and 
calculated. The first-order QED correction to 77 II scattering is analyzed. 
Differential cross section of process 77 — > 4/ is calculated using the helicity 
amplitudes method as well as covariant method of precision calculations. All 
possible polarization states of interacting particles are investigated under dif- 
ferent cuts of TESLA kinematics. For the detection of deviations from SM 
predictions at linear 77 colliders with centre of mass energies running to 1 TeV 
the influence of three possible anomalous couplings on the cross sections of 
W^W~ productions has been investigated. The significant discrimination be- 
tween various anomalous contributions is discovered. The main contribution 
of high order electroweak effects is considered. 



1 Introduction 



The Standard Model (SM) is able to describe all experimental data up to now with 
typical precision around one per mille. Nevertheless the Model is not the final 
theory valid up to very high scales and at linear collider that can run at centre 
of mass energies around 1 TeV one can hope to see finally deviations in precision 
measurements occur typically for two reasons. 

If the new physics occurs in loop diagrams their effect is usually suppressed by 
a loop factor a/47r and very high precision is required to see it. If the new physics 
is already on the Born level but at very high masses the effects are suppressed by 
propagator factor — ^~imN r ^^^^ is important to work at the highest possible 
energies. 
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Both effects have aheady been used successfully in the past. 

For example, ten years ago LEP could predict the mass of the top from its loop 
effects. It was found at TEVATRON with exactly such mass. In the same way it is 
hoped that in ten years from now a linear collider can obtain effects of new physics. 

Linear lepton colliders will provide the opportunity to investigate photon colli- 
sions at energies and luminosities close to these in e~^e~ collisions [T]. 

The possibility to transform the future linear e^e~-colliders into the 77 and 76 
-colliders with approximately the same energies and luminosities was shown. The 
basic e"''e~-colliders can be transformed into the ej- or 77-colliders. The intense 7 
-beams for photon colliders are suggested to be obtained by Compton scattering of 
laser lights which is focused on electrons beams of basic e"'"e~-accelerators. 

The electron and photon linear colliders of next generation will attack unexplored 
higher energy region where new behaviour can turn up. In this area the photon 
colliders have a number of advantages. 

- The first of the above advantages is connected with the better signal/background 
ratio at both e~^e~- and e7/77-colliders in comparison with hadron ones. 

- The production cross sections at photon colliders are usually larger than those 
at electron colliders. 

- The photon colliders permit to investigate both of the problems of new physics 
and those ones of "classical" hadron physics and QCD. 

So it is exclusively important task to use possibilities of 77-colliders to reahze 
the experiments of the next generation. 

If a light Higgs exists one of the main tasks of a photon collider will be the 
measurement of the partial width r{H — »• 77). Not to be limited by the error from 
luminosity determination the luminosity of the collider at the energy of the Higgs 
mass has to be known with a precision of around 1%. 

To produce scalar Higgses the total angular momentum of the two photons has 
to be J = 0. In this case the cross section 77 — > is suppressed by factor mf/s 
and thus not usable for luminosity determination. 

In the SM the couplings of the gauge bosons and fermions are constrained by the 
requirements of gauge symmetry. In the electroweak sector this leads to trilinear and 
quartic interactions between the gauge bosons with completely specified couplings. 

The trilinear and quartic gauge boson couplings probe different aspects of the 
weak interactions. The trilinear couplings directly test the non-Abelian gauge struc- 
ture, and possible deviations from the SM forms have been extensively studied. In 
contrast, the quartic couplings can be regarded as a more direct way of consideration 
of electroweak symmetry breaking or, more generally, on new physics which couples 
to electroweak bosons. 

In this respect it is quite possible that the quartic couplings deviate from their 
SM values while the triple gauge vertices do not. For example, if the mechanism 
for electroweak symmetry breaking doesn't reveal itself through the discovery of 
new particles such as the Higgs boson, supersymmetric particles or technipions it is 
possible that anomalous quartic couplings could provide the first evidence of new 
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physics in this sector of electroweak theory. 

The production of several vector bosons is the best place to search directly for 
any anomalous behaviour of triple and quartic couplings. 

We wait for colliders with higher center of mass energy in order to produce a 
final state with three or more gauge bosons and to test the quartic gauge-bosons 
couplings. The future project TESLA is the real candidate for investigation of 
process three boson production. 

Previously the cross sections for triple gauge bosons production in framework of 
the SM presented for e"'"e~-colliders and hadronic colliders. 

By using of transforming a linear e^e~ collider in a 77 collider, one can ob- 
tain very energetic photons from an electron or positron beams. Such machines as 
TESLA which will reach a center of mass energy ~ lOOOGel^ with high luminosity 
(~ 10^^ cm~^s~^) will be able to study multiple vector boson production with high 
statistics. 

For obvious kinematic reasons, processes where at least one of the gauge bosons 
is a photon have the largest cross sections. 

We examine the production of three vector boson in 77 collisions through the 
reaction 

7 + 7^ + + (1) 

using beams of polarized photons. 

1. This process involve only interactions between the gauge bosons making more 
evident any deviations from predictions of the SM gauge structure. 

2. There is no tree-level contribution involving the Higgs boson which excludes 
all the uncertainties coming from the scalar sector. 

We analyze the total cross section of the process of interaction of the two 7 with 
fixed polarization, as well as the dynamical distributions of the final state vector 
bosons. 

The measurement of cross section and asymmetries of this process is complimen- 
tary to the analysis of the production of vector boson pairs. 

So the photon linear colliders have the great physical potential P*, ^ (Higgs and 
SUSY particles searching, study of anomalous gauge boson couplings and hadronic 
structure of photons etc.). Performing of this set of investigations requires a fine 
measurement of the luminosity of photon beams. For this purpose some of the well- 
known and precisely calculated reactions (see, for example, 77 — > 2/, 4/, jH 13 
IHlin]) are traditionally used. 

It was shown that it is convenient to use the events of 77 process for 

measuring the luminosity of the J = 2-beams (J is the total angular momentum 
of initial photon couple). Here / is the unpolarized light lepton (e or yu). It is the 
dominating QED process on J = 2 beams and its events are easily detected. 

The difficulties appear in the calibration of photon beams of similar helicity (the 
total helicity of 77-system J = 0) since the small magnitude of cross sections of the 
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most QED processes. For example, the leading term of cross section of 77 — * // 
scattering on J = 0-beams is of order a/vr 0.002). 

We have found that the exclusive reaction 77 ■—>■ provides the unique 

opportunity to measure the luminosity of J = beams on a linear photon collider. 

One of the main purposes of the linear photon collider is the s-channel of the 
Higgs boson production at energies about y/s = 120GeV That is the reason of 
using this value of c.m.s. energy in our analysis. 

2 Two lepton production with photon in 77-colli- 
sions 

The two various helicity configuration of the 77-system leads to the different spectra 
of final particles and requires the two mechanisms of beam calibration. We have 
analyzed |1] the behaviour of the 77 — > /"'"/~7 reaction on beams with various 
helicities as a function of the parameters of detectors. We have performed the detail 
comparison of cross section on 7+7+- (J = 0) and 7"^7~-beams (J = 2). Since 
experimental beams are partially polarized the ratio of cross sections of 77 l~^l~'y 
scattering on J = to J = 2-beams should be high for the effective luminosity 
measurement. We have outlined the conditions that greatly restrict the observation 
of the process on "J = 2" beams, remaining the "J = 0" cross section almost 
unchanged. 

Finally we estimate the precision of luminosity measurement. 
Consider the process 

l{Pi, Ai) + 7(P2, A2) f{pi, ei) + f{p2, 62') + 7(P3, A3), (2) 

where Aj and e/ are the photon and the fermion helicities. 

We denote the c.m.s. energy squared by s = (pi +^2)^ = 2pi-p2 , the final-state 
photon energy by w. For the differential cross section the normalized final-state 
photon energy (c.m.s. is used) x = w/^ is introduced. The differential cross 
section da/dx appears to be the energy spectrum of final-state photons. 

The matrix elements are obtained using two methods: the massless helicity am- 
plitudes iJiJj for the fast estimations and the exact covariant analysis jllj including 
finite fermion mass. Since final-state polarizations will not be measured we have 
summarized over all final particles helicities. The integration over the phase space 
of final particles is performed numerically using the Monte-Carlo method |12j . 

The calculations have been performed for various experimental restrictions on 
the parameters of final particles. Events are not detected if energies and angles 
are below the corresponding threshold values. The considering restrictions on the 
phase-space of final particles (the cuts) are denotes as follows: 

• Minimum final-state photon energy: uOcuu 

• Minimum fermions energy: Ef^^ut, 
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• Minimum angle between any final and any initial particles (polar angle cut): 

©cni ; 

• Minimum angle between any pair of final particles: (pcut- 




Figure 1: Final-state photon energy spectrum for J = (solid) and ( J = 2) * 0.1 
(dotted) at -^i = 120GeV and cuts: 6mm = 7°, (fmin = 10° (left) and (fmin = 30" 

(right), Ef^rnin = ^GeV, Umin = ^^GeV . 

Consider the energy spectrum of final photons. In fig. ^ the spectra for J = 
and (J = 2) are presented (the (J = 2)-cross section is scaled on factor 0.1 for the 
convenience). The differential cross section da / dx on J = 2 beams decreases while 
one on J = beams raises with increasing of the final-state photon energy. This 
leads to the conclusion that if one increases the threshold on w, the process on 
J = 2 beams will be greatly restricted, but the rate of J = events remains almost 
unchanged. 

Next we analyze the total cross section dependence on the angular cuts Qmin 
and ipmin (see figs. ElEl)- In 7+7"^- experiments (J = 0) the most of final fermions 
are radiated closely to the axis of initial photon (polar axis) and can't be detected. 
The 7'''7~- experiments (J = 2) have the large fraction of particles emitted at large 
angles. But they are likely emitted as the coUinear fermion-photon pairs, that also 
can't be separated in the detector. The angular spectra of the final particles is 
represented in fig. |21 It shows that the rise of threshold on angle between final 
particles (up to 20°) restricts the J = 2-cross section, while the J = reaction is 
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Figure 2: Angular plots (angle between fermion with lowest energy and final photon) 
at y/s = 1206*6^ at various sets of cuts: • Qmin = 7°, '^min = 3", Ej^rnin = IGeV, 

Umin = IGeV (sohd line); • Qrnin = 7°, '^min = 10°, Ef^rnin = IGcV , Umin = lOGcV 

(dashed line); • Qrnin = 7°, '^min = 30", £^/,mm = 5GeV, ujrnin = ^OGeV (dotted 
line) . 



almost unaffected. 

It is clear that the ratio of these cross sections can be increased by reducing the 
polar angle cut 0mm and by raising the collinear angle cut (fimin- 

In fig. El we present the ratios of total cross sections (Tj=o/c"j=2 depending on 
various of experimental cuts. Using also the graphs for spectra of final particles one 
can achieve the ratio aj=o/(Jj=2 up to 1 without sufficient decreasing of aj=2- 

We have discovered the ratio of events on J = and J = 2 beams strongly depends 
on the experimental cuts. We obtained the region (the configuration of cuts) where 
the processes on the both J = and J = 2 beams have the cross sections close by 
each other. That is the region of small polar angle cut, high collinear angle cut as 
well as high minimal energy of final-state photons. At these parameters the total 
cross sections of 77 —>■ ffj in experiments using 7+7+- and 7'''7~- beams appear 
to be the same order of magnitude. 

The mass contribution is small in the great part of phase space of final particles. 
The most significant contribution is for the J = energy spectra (see fig. E}. The 
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Figure 3: Ratios of total cross sections on J = and J = 2 beams depending on 
different cuts. 
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Figure 4: Tfie relative mass contribution to energy spectra of final photon for J — 
(left) and J = 2 (right) beams {wcut^'i-GeV, Ecut^lGeV , Qcut^7", </?c«t = 3°). 



high value of the contribution corresponds to regions where the differential cross 
section is minimal. The mass contribution to the total cross section is below the 
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1% level at any realistic set of cuts. It means that the helicity amplitudes is a good 
approach for study the 77 l^l^'y process. 



2.1 Luminosity measurement of J = beams. 

Finally, we analyze the precision of luminosity measurement ^ that can be achieved 
using the reaction 77 f f'j. 

The most interest are offered by the two kinds of measurement. The first one 
is the measuring of beams luminosity with the wide energy spectrum. The second 
one is the same measurement for the narrow band around the energy of Higgs boson 
production. 

We use for consideration the following TESLA project parameters [2]: 

1. luminosity 

£(v^> O.Sv^s^) = 5.3 • 10^3 cm-^s-i, 
C{mH±lGeV) = 3.8 ■ 10^^ cm-^s~^; 

2. polarization V ^ 90%. 

Our calculations allow to choose the set of cuts with the high J = cross section 
and high ratio aj=o/<yj=2- ^^cut = 20GeV, Ef^cut = 5GeV, Qcut = 6°, (pcut = 30°. For 
these cuts the total cross sections have the following values: 

a{J = 0) = 0.82p6, 
a{J = 2) = 1.89p6. 

So for the precision of luminosity measurement in a 2 years run (2 ■ lO^s) one can 
obtain: 

AC 



^ (v^>0.8v^) = 0.35%, 
AC 

— imH±lGeV) = 1.3%. 



3 Lepton-antilepton production in high energy 
polarized photons interaction 

The luminosity measurement at J = 2 beams will be performed using the reaction 
77 — > . It has the great cross section that provides the number of events enough 
for the 0.1% precision of luminosity determination. 

The main task is to calculate the cross section with maximal precision. For 
realization of this purpose we have calculated the complete one-loop QED radia- 
tive corrections to cross section of 77 — process including the hard photon 
bremsstrahlung. 



8 



The major feature of 77 ff process is the small value of cross section if the 
total angular momentum of 77— beams equals zero. 

We analyze both the angular spectra and the invariant distributions of final par- 
ticles. The angular spectrum of final leptons is calculated in form da / d cos Q{pi,p^). 
It is more convenient to use Lorentz-invariant results for the experimental reasons. 
Therefore we analyze the process 77 //[+7] including 0(a)-corrections using 
the method of covariant calculations fT]. The invariant differential cross section is 
calculated in the form da/d{pi —p-yY and can be used in the arbitrary experimental 
configuration. 

The detailed analysis of the 77 — * l^l^ process can be found in the adjacent 
report in these proceedings [5]. 

For the measurement the luminosity of J = 2 beams one will use the events 
of 77 —>■ process. The precision of measurement the luminosity of J = 2 

beams that can be achieved using 77 — >■ process can be calculated in the same 
way that one for J = beams. We introduce the ujmax parameter for the maximal 
energy of bremsstrahlung photon that will still result the detection of single exclusive 
77 — > event. For the supposed TESLA detector parameters {ujmax = IGeV, 
Ef^cut = ^GeV , 6cut = 7°) one can obtain: 

— (v^>0.8v^) = 0.04%, 
AC 

— imH±lGeV) = 0.1%. 

The achieved precision is sufficient for the huge variety of experiments at the 
photon collider. 

4 Production of four leptons in 77 electroweak 
interaction 

Since the high accuracy and relatively clean environment are provided by a linear 
collider, a precision calculation of background including 77 (...) 4/ process is 
necessary. 

Total cross sections of such interactions have been already calculated and ana- 
lyzed in refs. (TS] about 30 years ago and were found to be large enough: 

a = Q500nb (77 2e~2e+), 

cr = 5.7nb (77 e^e~ fi^fi~), 

a = O.lQnb (77 ^ 2/i"2/i+). 

However these calculations have used the low energy approximation and obtained 
results are not applicable for modern high energy investigations. 
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There was applied the algorithm ALPHA [7j for automatic computations of scat- 
tering amplitude. However modern high energy experiments require the cross section 
calculation and analysis at fixed polarization states of initial and final particles that 
ALPHA method couldn't provide. 

Our purpose was investigation of process 77 — > 4/ using parameters of linear 
colliders of new generation such as TESLA 

There are six topographically different Feynman diagrams of electroweak interac- 
tions for describing of this process (see fig. E)). Using C-, P- and crossing symmetries 
one can built 40 different diagrams. 




Figure 5: The Feynman diagrams of four lepton production in 77 electroweak inter- 
action. 

The diagrams containing charged current exchange are excluded because only 
processes with four charged leptons in the final state are considered. 
The corresponding cross section has the form: 

Here M = Yli=i^iy matrix elements of remaining diagrams (l)-(3) 

in fig. Eland dV is the phase space element. 

Squared matrix element is constructed using the method of helicity amplitudes 
|10j as well as the method of precision covariant calculation ^1]. The first one allows 
to calculate matrix element directly for each definite polarization state of initial 
and final particles. Amplitude constructed by this method contains only invariants 
without any bispinor, so many difficulties at squaring and numerical integration are 
excluded. 
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The explicit form of all matrix elements constructed using helicity amplitude 
method one can found in ref. |9|. 

The method of precision covariant calculations allows to obtain matrix element 
without any approximations and was used for verifying results in each step of our 
construction and calculation. 

For the investigation of total and differential cross section the method of Monte- 
Carlo integration was applied. If two or more produced particles propagate into very 
close direction, the square of matrix element becomes very large (so-called coUinear 
peaks problem). For the achievement of high precision the Monte-Carlo generator 
was adopted. Despite regular distributions of kinematic variables (such distributions 
usually applied into Monte- Carlo generators) we have used irregular one, which is 
very close to matrix element behavior. This proximity can be achieved by choosing of 
several free parameters available in the distribution function. So the adopted method 
of Monte-Carlo integration leads to results with very small numerical error, nearly 
(0.1% — 0.2%). The accuracy of the method of helicity amphtude was investigated. 
It was arrived at a decision that the results of two discussed methods have good 
agreement. 

Some results, obtained for spin averaged differential cross section of electromag- 
netic 77- interaction, can be seen in figs. iniand[3 As it was expected, the total and 
differential cross sections have very strong dependence upon kinematic cuts on polar 
angle (the angle between directions of initial and final particles). We have found the 
magnitude of differential cross section increases significantly at polar angle tends 
to or TT. The cross section raises with decreasing of interaction particles energy. 
It has symmetric (asymmetric) form in case of similar (different) spin configura- 
tion of scattering photons. The cross section dependence on angle between initial 
photon momentum and a set of final particles directions has the same form due to 
electromagnetic interaction results are only presented. 

5 The SM and anomalous amplitudes of 77 

Future high-energy linear e"'"e~-colliders in 77-mode could be a very useful instru- 
ment to explore the mechanism of symmetry breaking in electroweak interaction. 
77-colliders give the opportunity for mesuarement of a light Higgs productions on 
resonance and H'jj coupling because of the processes 77 — if ^ ZZ, bb, WW. 
In the case of heavy mass Higgs bosons (over 1 TeV) a huge background from 
77 W^W^ complicates a search of the Higgs signal. 

Another way to probe the symmetry breaking is examination of the self couplings 
of the VF, Z bosons in non-minimal gauge models. Since the cross section of 77 — >■ 
W~^W~ is large the lyiy-production would be provided mainly by 77 scattering [Ti] . 
So the Born cross section cr(77 — * WW) is about llOpb at ITeV on unpolarized 
7-beams at that all contributions of different polarization sets of W^-bosons are 
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Figure 6: Spin averaged differential cross section of 77 4/ process at energy of 
interaction beams 1 TeV in c.m.s. 61 {62) is the angle between directions of the first 
(second) photon and the first lepton. The magnitude of polar angle cut is equal to 
7°. 
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Figure 7: Spin averaged differential cross section of 77 41 process at energy of 
interaction beams 500 GeV in c.m.s. 61 {62) is the angle between directions of the 
first (second) photon and the first lepton. The magnitude of polar angle cut is equal 
to 7°. 



considered. Corresponding cross section of VFVF-production in e'^e collisions is 
an order of magnitude smaller and amount to lOpb at the same circumstances. 
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In addition to the 77 — > W~^W~ process one needs to consider a reaction of 77 — *• 
W^W~ Z because of its cross section becomes about 5% - 10% of the (7(77 WW) 
at energies ^/s > 500 GeV . The anomalous tri-hnear 'jWW, ZWW jTH] and quartic 
■yyWW, '-yZWW, ZZWW jTH] couphngs induce deviations of Born cross sections 
cr(77 — i> WW) and (7(77 — >• WWZ) from Standard Model values. 

In order to evaluate contributions of anomalous couplings a cross section of 77 — >■ 
W^W~ must be calculated with a high precision. Therefore one needs to calculate 
the main contribution of high order electroweak effects: one-loop correction, real 
photon and Z-boson emission. 

The amplitude of 77 — > W^W~ are defined as follows 

M =G,e^{h)e,{k^)e^{pMP-)Mr^ ^ (4) 

where fci, ^2, p+, P- are 4-momenta of the 7, 7, W^ , W~ respectively, and e^(fci), 
€-u{k2), eQ,(p+), ejiip-) - 4-vectors of polarizations accordingly. The constant is 
equal to e^cot6'vy. The total amplitude Mt is defined by amplitudes Mi {i = 1,3) 
corresponding to the Feynman diagrams, presented in fig. |H1 

3 

M^""^ = ^,Mr"''. (5) 

i=l 

These three amplitudes are constructed from a trilinear boson V^"^ , a quartic boson 




Figure 8: The Feynman diagrams for W^W -production 

Yi^i^ai3 ygj^i^jpgg g^j^^ boson propagator Dap{p), where p is 4-momentum of a virtual 
VT-boson. 

=TT\-ki,P+)DUP+ - h)Tf\-h,p.), (6) 
13 



(7) 



j^^uap =rf (8) 

Consider the anomalous quartic boson vertices only. For this purpose the fol- 
lowing 6- dimensional SU{2)c Lagrangians [T7l[TH] have been chosen 

Cc = -^a^F^'^F^^W^W^, (9) 

^0 = -^.aoF'^'-F^.W^W'^, 
where the triplet of gauge bosons W^j, 

and the field-strength tensors 

F,. = d,A, - d,A^, Wl, = d^Wl - d^W;, F^, = ^e^upaFP'' (H) 

are introduced. The scale A keeps the coupling constant dimensionless. In our 
calculations A are fixed by value of (~ 80 GeV). As one can see the operators 
Co and Cc are C-, P-, CP-invariant. Cq is the P- and CP- violating operator. Then 
anomalous quartic boson vertices could be defined as 

n7f{K h) = ^ {a^mk^, + k^,k^)g'^^ + {k,k,){g^'^g^P + 

(12) 

-kl{k^,g>''^ + k'^.g'^^) - kl{k1g>^^ + k'^.g^^)) 

rr.f (^1, k,) = ^ {idog-%,k,^ e'^"^'^) . 

The anomalous quartic boson vertices depend on the 4-momenta fci, /c2 of the pho- 
tons involved in the vertex. 

Total cross section of 77 W^W~ is calculated as 



;4 [ \Mx,x,x,xfdT^'\ (13) 
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where Mx-^x^x^x^ have been defined in eq. (jU, (iF is two-particle phase space of the 
bosons. 

Through the method of Monte-Carlo integration jT2] one may obtain numerical 
values of the cross section [IPj. For these purposes the events generator has been 
built. 




Figure 9: The comparison of the dependency of the cross sections aCW'^W ). 
Solid line presents oq-, dashed line - Oc-, dotted line - cio-dependence 

Fig. shows the dependence of three total cross sections a{W~^W~) on anoma- 
lous parameters. Graphs presented on the picture allow to value contributions of 
anomalous parts to the cross section. The fact that the minima of the curves are 
close to the SM point = means that the interference between the anomalous 
and the standard part of the matrix element is very small. Though the region of 
ttj is small, it's about 0.05, the cross section with anomalous constants may reach 
the values of 1.6a. That stands for the evidence of great sensitivity of the cross 
section a{W~^W~) to anomalous couplings. Taking into account a luminosity C of 
photons about 100 fb~^ /year , energy ^/s ~ ITeV that corresponds to TESLA j2], 
statistical error will be equal to 0.05%. Therefore we can estimate bounds imposed 
on anomalous couplings to compare anomalous effect with statistical error. Contour 
plots on two non-zero anomalous constant, figs. clearly demonstrate these 

bounds. 
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Figure 10: Contour plots on (ao, etc) for Figure 11: Contour plots on (cq, Oq) for 
+25, +35 deviations of a{W+W-) +25, +35 deviations of a{W+W-) 

5.1 0{a) correction to anomalous constants 

Obviously a precision analysis of 77 — > WW at the future high energy 77-colliders is 
impossible without calculation of whole set the first-order 0{a) radiative corrections, 
including real photon emission as well as a set of one-loop diagrams of 77 — > W~^W~ 
that are presented in fig.l and fig. 2 of ref. [20] • Inclusive cross section of the W 
pair production in the 77 collisions to the third order in a is given by the sum of 
Born cross section, interference term between the Born and one-loop amplitudes 
and cross section of the WWj production. In case of energy of 77-interaction 
exceeds threshold of three boson production these process (77 W^W~Z) must 
be considered as radiative correction: 

c/a(77 ^ W+W-) = da^^'^'i-fj W^W-) + -^i?e(M^°™Mi-'°''f*)rfr(2)+ ^^^^ 
+rfa"°^*(77 ^ W+W-^) + da^^"^{-f-f W+W-^) + da^{^^ W+W~Z). 

Since one-loop and soft photon emission amplitudes are IR-divergent and only their 
sum is IR-finite it is convenient to consider soft and hard photon emissions sepa- 
rately, da'^"^* can be presented by factorizable expression 

da'^f'i-i-i W^W-^) = da^'^'-'^i-f-f W^W-)R'°^\u;), (15) 
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Figure 12: Contour plots on {a^aQ) for Figure 13: Contour plots on (ac,ao) foi' 
+26, +36 deviations of cr{W+W-) +26 deviations of cr{W+W-) 

where ui is soft photon energy cutoff, f3 = a/1 — 4m^/s. The differential cross 
section of hard photon emission is given by 

da'^«'-^(77 W+W-^) = rf(T(77 ^ W+W--f) - rf(T'°^*(77 1^+1^-7) (16) 

and can not be factorized. da'^°^^ and da^"'^'^ present two contributions independent 
from infrared divergence as well as from soft photon cutoff. 

One-loop amplitude M^~'-°°p were built due to usage of SCA (Algebra of Symbolic 
Calculations) programs {MATHEMATICA, REDUCE...) and transformations of 
scalar and tensor integrals to one-, two-, six-point integrals. Cross section of 
WWZ production on 77 beams are obtained through application of the Monte-Carlo 
method of numerical integration and exact covariant expressions of 77 W^W~Z 
amplitudes. Cross section of 77 W^W~ including the lowest-order QED radiative 
correction and three-boson production one can see in refs. [T^ 1^ 1^. 

Contour plot on oq and of (j(l^H^) with the lowest order QED correction are 
presented in figs. ITUlfTSl 
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6 Conclusion 



We have analyzed the possible usage of 77 — > //7 reaction for the luminosity 
measurement at J = beams on linear photon collider. The achievable precision 
of the luminosity measuring is considered and calculated. The optimal conditions 
for that measurement are found (for the high magnitude of J = cross section and 
small J = 2 background). The first-order QED correction to 77 II cross section 
is calculated and analyzed at J = 2-beams. 

The considered process gives the excellent opportunity for luminosity measure- 
ments with substantial accuracy. 

The cross section of process of four charged lepton production are obtained in 
frame of method of helicity amplitudes as well as method of covariant calculations. 
Comparative analysis are performed. Monte-Carlo generator was developed to cal- 
culate differential and total cross section of four lepton production. 

The investigation of the sensitivity of process of 77 — > W^W~ and 77 — *• 
W^W~ Z to genuine anomalous quartic couplings oq, and clq was performed at 
center-of-mass energy ^/s = ITeV. It was discovered that two-boson production 
has great sensitivity to anomalous constants Oc and Oq but process 77 — > W^W~ Z 
is more suitable for study of Oq. 

The fact that the minimum of the curves are close to the SM point 0^ = 
demonstrates the small value of the anomalous and the standard part interference. 
The first-order radiative correction to cross section (7(77 — ^ W^W~) has significant 
magnitude and its calculation increases the precision of the and measurement. 
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